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Abstract 
Grating-based intereferometry is a method used in X-ray phase-contrast imaging to visualize details in transparent 
objects that are hard to resolve in absorption contrast. Phase shifts introduced into the propagating X-ray wavefront 
are translated into intensity variations by comparing changes in the interference patterns produced by diffraction 
gratings. Diffraction gratings and the interference pattern they produce are typically considered static. Using MEMS-
technology, the gratings can be actuated such that, e.g., their internal structure can be varied. By driving the gratings 
into resonance, it is possible to obtain modulated, dynamic interference patterns. By demodulating the time-varying 
signals from the detector pixels, useful object-related phase-contrast information can be differentiated from the static 
background and noise. The method, thus, allows low-dose imaging of organic specimens with improved contrast and 
reduced noise. 
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1. Introduction 
Phase-contrast microscopy allows imaging of transparent object that are otherwise invisible in 
absorption contrast. Phase variations are introduced into the propagating wavefront, e.g., due to the 
different refractive index of nearby regions in the specimen. These phase differences are translated into 
the variations of light intensity to visualize the refracting structures. The phase information can be 
accessed through various techniques. For X-ray radiation the most promising method is grating-based 
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interferometry [1,2]. In this method a coherent X-ray beam impinges on a diffraction grating. The grating 
splits the beam into components that interfere with each other and produce periodic patterns in the near-




where p is the grating period or pitch, and Ȝ is the wavelength. A phase object introduces additional 
variations into the primary beam, e.g., due to the refraction inside the object, such that the periodic near-
field interference pattern is distorted. The phase-contrast image of the object can be reconstructed by 
detecting these distortions. However, since the periodicities of the gratings and their interference patterns 
do not usually exceed several microns, the lateral distortions of the interference patterns can be fractions 
of μm. An X-ray detector having pixels as large as tens of microns usually does not have enough 
resolution to resolve neither the details of the interference pattern, nor its distortions. An absorption 
grating having the same periodicity as the interference pattern is aligned in front of the detector. This 
grating serves as a transmission mask allowing only shifts of the interference pattern to reach the detector 
making phase-contrast image reconstruction possible. Usually, to separate the object-related information 
from other contributions, such as imperfections of the illuminations, one of the gratings is scanned 
laterally over a period of the grating and for every point an image is taken. The phase-contrast image is 
thus not readily available, but needs to be reconstructed numerically from a plurality of digital images. 
Another disadvantage of the method is the absorption grating. It must be made of high-Z material (e.g., 
Au) and be sufficiently thick and have very high aspect ratio to fully block the background signal that 
decreases the contrast. Shallow absorption gratings rule out the possibility to use higher X-ray energies 
beneficial for imaging of thicker specimens and that imply reduced radiation dose compared to lower X-
ray energies. Using MEMS technologies applied to diffraction gratings has a potential to dispose of the 
expensive absorption grating and eliminate the need to numerically reconstruct the phase-contrast images. 
2. MEMS-enhanced grating-based phase-contrast imaging 
Diffraction gratings and the interference patterns they produce are usually considered static. However, 
MEMS technology enables to make the gratings dynamic [3-5]. The grating can be shifted or even driven 
into resonance using electrostatic or piezo-actuators located on the same chip. The grating can be 
modified in many motion fashions. Thus, every second grating finger can be shifted while leaving every 
odd finger remains stationary. Similarly, every third, fourth, etc, finger can be displaced. The grating 
distributes the beam’s energy spatially (e.g., into bright fringes), and modifying the grating structure 
results in redistribution the energy, e.g., by rebunching the intensities differently. A ʌ-rad phase grating 
splits the beam primarily into two diffraction orders (Fig 1a; sinș = ±Ȝ/p). Shifting every second grating’s 
finger effectively doubles the grating period, such that some of the radiation is diffracted into twice 
smaller angles (sinș1 = ±Ȝ/(2p), Fig 1b,c). In the near-field the effect of small shifts is to increase the 
spatial frequency of the interference fringes (Fig 1d-g). This means that some portion of the radiation is 
rechanneled into a different position in space or neighbouring pixels of the detector. The recorded signals 
on some pixels increase when every second grating’s finger is shifted in the positive direction, while on 
others  they  decrease  (Fig  2a,b).  For  small  amplitudes  of  the  shifts  the  changes  in  the  intensities  vary  
linearly with the shifts. Oscillating the grating, therefore, results in modulation of the signals recorded by 
the pixels about the static background. The time-varying signal on a certain pixel can, therefore, be 
written as V(t) = VDC + A0cos(Ȧt). By multiplying this signal with a reference waveform cos(Ȧt + ĳ), one 
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Fig. 1. Simulated near- and far-field diffraction patterns produced by a dynamic grating with ʌ phase shift. Far-field diffraction 
patterns for (a) an original grating with a duty cycle of 50%. (b) Shifting every second finger by 25% of the grating pitch results in 
“sub-harmonic” diffraction orders ±1/2, ±3/2, etc, corresponding to a grating with effectively doubled  pitch. (c) Shifting every 
second finger by 50% of the grating pitch creates a new grating with doubled pitch and results in only “sub-harmonic” diffraction 
orders ±1/2, ±3/2, etc, corresponding to ±1, ±3, etc, diffraction orders of the period-doubled grating. (d) Near-field interference 
pattern for the original grating up to the seventh Talbot order, T, where T=p2/Ȝ. (e) and (f)  Shifting every second finger by 10% and 
25% of the pitch, respectively, modifies the near-field interference pattern effectively quadrupling its spatial frequency. (g)  Shifting 
every second finger by 50% of the pitch generates a doubled-period grating having a first Talbot order at the fourth Talbot order of 
the original grating. (a-c: intensities are on logarithmic scale; d-g: intensities are on relative scale). 
 
 Filtering the AC-signals results in elimination of the background. By mapping the DC-signal, ~A0, from 
each pixel. a low-noise, background-free image of the object can be reconstructed (Fig 2c,d). Figure 2 
shows a simulated DC-signals map for a grating with an initial period of 4 μm, and detectors with 25-μm 
and 24- μm pixels. For 25-μm pixels, a periodic pattern is formed from the pixels’s DC-signals. This is a 
Moiré pattern that is a consequence of the mismatch of the grating and pixel spatial frequencies. The 
effective period of the modified grating with every second finger shifted is doubled to 8 μm, and the 
intensity variations at the detector plane induced by the grating modification are expected to happen with 
the same spatial frequency. The periodicity of the Moiré pattern is thus 25×8=200 μm, or eight pixels (Fig 
2c). The presence of the phase-object in the beam distorts the Moiré pattern, and these distortions can be 
used to extract the phase-contrast image of the object. Even though the background is significantly 
reduced compared to that in Figs 2a,b, the image contrast can be hindered by the periodic intensity 
especially for weak object-related signals. By matching the grating and detector pixel periodicities (pixel 
= N×2p, N =1,2,…), the Moiré pattern can be flattened out (Fig 2d). The modulated signal results only 
from the asymmetry introduced by the phase object into the wavefront propagation.  
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Fig. 2. MEMS-grating-based imaging of an object that introduces a uniform phase shift of ʌ rad into the wavefront for different 
shifts of every second grating finger. Grating pitch 4 μm. Amplitude of the shifts was 200 nm. (a) and (b) pixel size 25 μm, red: 
pixel reading for positive shifts, blue: negative shifts. Maximum shift amplitude is 200 nm. The detector plane is at N=5 (Eq. 1). (c) 
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A phase-contrast imaging method is presented. The method extends the grating-based differential phase-
contrast imaging by eliminating the absorption grating and MEMS-based functionalities onto the 
diffraction grating. Using MEMS-technology, the previously static grating can be made dynamic. 
Dynamic interference patterns made possible by actuating or resonating the grating produce time-varying 
images. By locking-on the grating’s oscillation frequency, the modulated weak signals associated with the 
imaged object can be extracted from the large background significantly improving the signal contrast. 
Extraction of the modulated signal enables filtering the noise thus improving the signal-to-noise ratio. 
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